新規低分子化合物SH-2251はIl5遺伝子座クロマチンリモデリングの制御を介してTh2細胞依存的な気道炎症を抑制する by 鈴木, 淳平 & Junpei, Suzuki
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Figure 1-1.  SH-2251 inhibits the generation of IL-5-producing Th2 cells. (A), The 
chemical structure of SH-2251.  (B), Naïve CD4 T cells were cultured under 
Th2-conditions in the presence or absence of SH-2251 (100 nM) for five days. The cells 
were restimulated with an immobilized anti-TCR-! mAb for six hours, and the 
intracellular staining profiles of IL-4/IFN" (upper panel) and IL-5/IL-13 (lower panel) 
were determined using intracellular staining, respectively.  The percentages of each 
quadrant are indicated. The average percentages of the generated cytokine-producing 
cells of three independent experiments are also shown with the standard deviation 
(right). (C), Cytokine production induced by the SH-2251-treated Th2 cells shown in 
panel (B) was determined with ELISA. *P<0.05 and **P<0.01 (Student’s t-test). 
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Figure 1-2 
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Figure 1-2. The effects of SH-2251 on Th1-, Th9-, and Th17-differentiation.  Naïve 
CD4 T cells were cultured under Th1- (A), Th9- (B) or Th17- (C) conditions in the 
presence or absence of SH-2251 (100 nM) for five days.  The cells were restimulated 
with an immobilized anti-TCR-! mAb for six hours, and the intracellular staining 
profiles were determined using intracellular staining (left). The percentages of each 
quadrant are indicated.  The cytokine production by the SH-2251-treated Th cells 
stimulated with an immobilized anti-TCR-! mAb for 16 hours was determined with 
ELISA. (right) *P<0.05 and **P<0.01 (Student’s t-test). 
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Figure 1-3 
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Figure1-3. The generation of IL-5-producing Th2 cells is inhibited by treatment 
with SH-2251 in dose-dependent manner. (A), Naïve CD4 T cells were cultured 
under Th2-conditions in the presence of the indicated concentrations of SH-2251 for 
five days. The intracellular profiles were determined as described (Figure 1-1B).  The 
average percentage of three independent experiments of the generated 
cytokine-producing cells are also shown with the standard deviation  (B), Cytokine 
production by the SH-2251-treated Th2 cells shown in panel (A) was determined with 
ELISA.  *P<0.05 and **P<0.01 (Student’s t-test). 
?
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Figure 2-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1.  The induction of active histone marks at the Il5 promoter locus is 
inhibited by SH-2251.  Naïve CD4 T cells were cultured under Th2-conditions for 
five days in the presence of the indicated concentration of SH-2251, and ChIP-qPCR 
was performed with the indicated antibodies.  The relative intensity (/Input) is shown 
with the standard deviation. Four independent experiments were performed with similar 
results. 
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Figure 2-2 
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Figure 2-2. The levels of H3K4me3 and H3K27ac around the Il5 gene locus in the 
SH-2251-treated Th2 cells.  (A), The global patterns of histones H3K4me3 and 
H3K27ac at the Th2 cytokine gene loci were determined using ChIP-sequencing.  (B), 
The histone H3K4me3 and H3K27ac patterns between the Rad50 and Il5 gene loci were 
determined using the ChIP-sequence, respectively.  
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Figure 2-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-3. The effect of SH-2251 on the level of histone modifications around the 
Il5 gene locus.  The indicated histone modification status around the Il5 gene locus in 
the SH-2251-treated Th2 cells was determined using ChIP-qPCR.  The relative 
intensity (/Input) is shown with the standard deviation. Four independent experiments 
were performed with similar results. 
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Figure 2-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-4. SH-2251 attenuates RNA polymerase II recruitment and intergenic 
transcription around the Il5 gene locus  Recruitment of RNA polymerase II around 
the Il5 gene locus (upper panel) was determined using ChIP-qPCR.  The relative 
intensity (/Input) is shown with the standard deviation. The transcripts around the Il5 
gene in the SH-2251-treated Th2 cells (lower panel) were determined using quantitative 
RT-PCR.  The relative intensity (/Hprt) is shown with the standard deviation. Four 
independent experiments were performed with similar results. 
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Figure 3-1 
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Figure 3-1. SH-2251 reduces the infiltration of eosinophils and Th2 cytokine 
mRNA expression in BAL fluid cells.  (A), Decreased infiltration of eosinophils in 
the BAL fluid of asthmatic SH-2251-administered mice.  The absolute numbers of 
eosinophils (Eos.), neutrophils (Neu.), lymphocytes (Lym.) and macrophages (Mac.) in 
the BAL fluid are shown with standard deviations (n=5 per group).  *P<0.01 and 
**P<0.001 by ANOVA and the Bonferroni-test.  (B), Quantitative RT-PCR of Il4, Il5, 
Il13 and Ifn! mRNA in the BAL fluid cells of vehicle and SH-2251-administered mice. 
Three independent experiments were performed with similar results. Student’s t-test  
was used for statistical analyses. *P<0.05 and **P<0.01 
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Figure 3-2 
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Figure 3-2. The expression of Th2 cytokine is decreased in lung CD4 T cells by oral 
administration of SH-2251.  (A), Quantitative RT-PCR of Il4, Il5, Il13 and Ifn! 
mRNA in lung CD4 T cells of vehicle and SH-2251-administered mice.  (n=5 per 
group).  (B), Cytokine production from lung CD4 T cells of vehicle and 
SH-2251-administered mice stimulated in vitro. Three independent experiments were 
performed with similar results. Student’s t-test was used for the statistical analyses.  
*P<0.05 and **P<0.01  
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Figure 3-3  
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Figure 3-3. OVA-induced airway inflammation is attenuated by oral 
administration of SH-2251.  The lungs were fixed and stained with hematoxylin and 
eosin (A, left) or periodic acid-Schiff reagent (B). The scale bars represent 500 µm. The 
numbers of infiltrated leukocytes in the peribronchiolar regions are shown (mean cell 
numbers/mm2) (A, right).  Three independent experiments were performed with 
similar results.  Student’s t-test was used for the statistical analyses.  *P<0.05 and 
**P<0.01  
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Figure 3-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4. Effects of SH-2251 on OVA-induced airway inflammation.  The 
concentrations of anti-OVA specific immunoglobulins in sera were determined with 
ELISA.  Three independent experiments were performed with similar results.  
*P<0.05 and **P<0.01 (Student’s t-test). 
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Figure 4-1 
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Figure 4-1. The expression of Gata3 are unchanged by treatment with SH-2251.  
(A), The mRNA expression of Gata3 in the SH-2251-trearted Th2 cells was determined 
using quantitative RT-PCR.  The relative intensity (/Hprt) is shown with the standard 
deviation.  (B), The protein expression level of Gata3 was determined with 
immunoblotting.  The nuclear (Gata3) and cytoplasmic (?-Tubulin) lysates with a 
three fold serial dilution were used.  Four independent experiments were performed 
with similar results. 
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Figure 4-2 
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Figure 4-2. The binding of Gata3 at the Il5 gene locus are not impaired by 
treatment with SH-2251.  (A), The global patterns of Gata3 binding at the Th2 
cytokine gene loci (upper panel) and the Il5 gene locus (lower panel) were determined 
using ChIP-sequencing with an anti-Gata3 pAb.  The locations of PCR primer pairs 
(triangle) used in ChIP-qPCR are also listed.  (B), The binding of Gata3 around the Il5 
gene locus (left) panel and the VA enhancer (VA E) and intronic enhancer (IE) regions of 
the Il4 gene locus (right panel) in the SH-2251-treated Th2 cells was determined using 
ChIP-qPCR.  The relative intensity (/Input) is shown with the standard deviation.   
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Figure 4-3 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-3. Gata3-dependen Il5 promoter activity is unchanged by SH-2251 
treatment.  The effects of SH-2251 on the Gata3-dependent transcriptional activation 
of the Il5 promoter were determined using a Dual luciferase assay.  The mean and 
standard deviation of the relative luciferase activity of three different experiments are 
shown. Stim: PMA (30 ng/ml)+dbcAMP (100 µM). Four independents experiments 
were performed with similar results.  
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Figure 5-1 
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Figure 5-1. SH-2251 inhibits the expression of Gfi1  (A), A decreased Gfi1 mRNA 
expression in the SH-2251 treated Th2 cells.  The expression of Gfi1 was determined 
with quantitative RT-PCR.  The relative intensity (/Hprt) is shown with the standard 
deviation.  (B), A decreased level of Gfi1 proteins was detected with immunoblotting.  
The nuclear (Gfi1) and cytoplasmic (#-Tubulin) lysates with a three fold serial dilution 
were used. Four independents experiments were performed with similar results. 
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Figure 5-2 
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Figure 5-2. SH-2251 inhibits the induction of active histone modifications at the 
Gfi1 gene locus.  (A), The global patterns of the histone H3K4me3 and H3K27ac 
levels at the Gfi1 gene locus were determined using ChIP-sequencing.  The locations 
of PCR primer pairs (triangle) used in ChIP-qPCR are also listed.  (B), ChIP-qPCR 
were performed with anti-histone H3K4me3, H3K9ac or H3K27ac pAb.  The relative 
intensity (/Input) is shown with the standard deviation. Four independents experiments 
(B) were performed with similar results. 
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Figure 5-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-3. The histone H3K4me3 (left) and H3K27ac (right) status at the Gfi1 
gene locus in naïve CD4 T cells, Th2 cells and SH-2251-treated Th2 cells. A 
schematic representation of the Gfi1 gene locus, and the locations of the primer pairs are 
also indicated (upper panel). 
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Figure 6-1. Transduction of Gfi1 into SH-2251-treated Th2 cells restores the 
differentiation of IL-5-producing Th2 cells.  (A), CD4 T cells were cultured under 
Th2-conditions in the presence or absence of SH-2251 (100 nM) for two days, then the 
cells were transduced with Mock- or Gfi1-IRES-hNGFR-containing retrovirus vectors. 
Three days after transduction, the IL-5/IFN-! staining profiles of the transduced cells 
(hNGFR-positive cells) were determined with intracellular staining.  The percentages 
of cells in each quadrant are indicated.  (B), The cytokine production from 
SH-2251-treated Th2 cells transduced with Gfi1 was determined. Three independents 
experiments were performed with similar results. 
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Figure 6-2 
 
A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B 
 
 
 
 
 
 
 
Figure 6-2. The transduction of Gfi1 partially restored SH-2251-mediated 
inhibition of active histone marks at the Il5 gene locus.  (A), Histones H3K4me3, 
H3K9ac and H3K27ac at the Il5 gene locus in hNGFR-positive Gfi1-transduced 
SH-2251-treated Th2 cells.  (B), The levels of histones H3K4me3, H3K9ac and 
H3K27ac at the Il4 and Il13 gene loci in the hNGFR-positive Gfi1-transduced 
SH-2251-treated Th2 cells.  The relative intensity (/Input) is shown with the standard 
deviation. Three independents experiments were performed with similar results. 
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Figure 6-3 
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Figure 6-3. Gfi1 binding at the Il5 gene locus are decreased in SH-2251-treated 
Th2 cells. (A), The global pattern of Gfi1 binding around the Il5 gene locus was 
determined using ChIP-sequencing with an anti-Gfi1 mAb.  The locations of the PCR 
primer pairs (triangle) used in ChIP-qPCR are also listed.  (B), The binding of Gfi1 
around the Il5 gene locus in SH-2251-treated Th2 cells was determined using 
ChIP-qPCR.  The relative intensity (/Input) is shown with the standard deviation.  
Two independent experiments were performed with similar results. 
?
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